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Executive Summary

Approximately 20 percent of the United States economy, or two trillion dollars per year [Dutton] is weather
sensitive. Each year, the U.S. suffersbillions of dollarsin losses due to lost time; property and crop damage and lost
lives due to weather and environmental conditions, e.g.,

In the commercial aviation community, weather is responsible for approximately two-thirds of air carrier
delays, acost of $4 billion annually, $1.7 billion of which isavoidable [National Aeronautics and Space
Administration, http://awin.larc.nasa.gov].

In 1997, the Red River Floods caused more than $400 million in losses when the Red River rose several
feet above projected levels [Disaster Information Task Force].

In 2000, $9 billion in crop damage was incurred due to weather (e.g., floods, convective weather, winter
storms, drought, and fire weather) [National Weather Service].

However, some proportions of these losses are avoidable with improved environmental information, and some
proportion of the improved environmental information is attributable to enhanced satellite technology and
performance. Improvements in satellite performance that, for example, (1) result in the ability to better predict with
increased |ead time and accuracy, the location of severe weather manifestation; (2) provide increased temperature
accuracy; and (3) offer improved monitoring of volcanic ash, can result in substantial economic benefitsto avariety
of public sectors. These economic benefits result from the ability of the data users to improve their operational
decision-making. For example, airlineswill make safer and more efficient routing decisions; the agricultural sector
can make crop selection decisions and realize irrigation efficiencies; and, the utilities industries can improve the
accuracy of their energy load forecasting decisions.

The National Oceanic and Atmospheric Administration’s (NOAA) National Environmental Satellite, Data, and
Information Service (NESDIS) is devel oping the next -generation Geostationary Operational Environmental
Satellites (GOES -R), which are expected to provide significant advances in earth coverage and weather and
environmental information and prediction capabilities. Two of the key instruments within this GOES suite of
sensors are the Advance Baseline Imager (ABI) and Hyperspectral Environmental Sounder (HES). To providea
firm foundation for the formulation of instrument devel opment and procurement budgets, NOAA initiated an
analysis of the marginal cost and benefit differences (in economic terms) between continuation of instruments with
similar performance to today’ simager and sounder and the planned GOES-R imager and sounder. The benefits
from improved data and products will not only be critical to the economic well being of our users but will further
national interests such as homeland security and national well being. New instruments for the GOES-R series will
need to be developed because the imagers and sounders in service from now through 2012 cannot be replicated due
to obsolescence of key components. Off-the-shelf instruments with similar capabilities would not allow usto
incorporate any new technologies.

From a benefits perspective, selected case studies were devel oped that describe changesin economic impacts (i.e.,
marginal benefits) due to the proposed changesin the instruments. The expert knowledge and judgement of NOAA
engineering staff, scientists, and product managers provided information on ABI and HES performance changes
relative to the current imager and sounder and product improvements based on these performance changes.
Information on economic benefits (primarily avoided costs) from these product improvements were obtained via
public meetings, discussions, and interviews with GOES constituents and published literature and economic data
pertaining to decisions based on this weather data. Published economic data used in the benefit analysis were not
independently validated.

The case studies presented in this report represent key economic sectors (agriculture, aviation, electric power and
natural gas generation, recreational boating, and trucking) and constitute a fraction of potential benefitsthat can be
realized from improved GOES data. Thus, notwithstanding the limitations of the estimation techniques used, these
estimates represent alower bound to the true dollar value for potential benefits.

All costs are presented in fiscal year 2002 dollars, and the time frame under which the analysisis considered is 2012
to 2027 (15year lifecycle). It was assumed that the advanced imager and sounder instruments will be launched in
mid-2012 and the required infrastructure to make effective use of improved data from these instruments will bein



placein the 2012 time frame. However, it was further assumed that benefits do not begin until 2015 to allow lag
time for model revision and testing to take advantage of and have more confidence in the improved instrument data.
Time will be needed after launch, checkout, and calibration before better economic decisions are likely to
commence based on the new data. Thereisalimit to how much can be done to modify forecast models and
products prior to launch. Timeis needed to complete these modifications, and to test, validate, and verify
improvementsin forecasts and other products using actual advanced imager and sounder data. 1t will also take time
to educate users and constituents as to the improvements.

Finally, it will take time for usersto gain confidence in the real-world accuracy and applicability of the
improvements before they will be willing to make potentially costly economic decisions based on these product
improvements. These processes can proceed in parallel to some extent, and some benefits could start earlier and
some later.

Summary of Results

This study contains eight case studies of the marginal economic benefits from ABI and HES. Below is an overview
of the qualitative benefits of each case addressed. The results of the quantitative analysis are summarized in

Table ES-1. Thedollars are annual 2002 dollars and total discounted benefits for the 13-year effective lifecycle.
(Thelifecycle of 15 years has been adjusted to reflect the assumption that time will be needed to realize product
improvements based on data from the new sensors.)

1. Convective Weather Products: Benefitsto Aviation. GOES advanced sounder data are expected to
provide substantially better ability to predict where convective weather such as thunderstormswill initiate
within broad regions of unstable air. Thisinformation will reduce the cost of operational delays because air
carrierswill be able to make better tactical dispatch and routing decisions and avoid last-minute actions to
bypass these storms.

2. Volcanic Ash Advisories: Benefitsto Aviation. GOES advanced imager datawill provide more accurate
and timely warnings of the presence of airborne volcanic ash plumes that can seriously damage aircraft and
jet engines and have the clear potential to cause serious aviation accidents. Winds derived from GOES
advanced sounder data will enable more accurate and timely forecasts of the speed, altitude, and direction
of these plumes. More accurate and timely volcanic ash advisorieswill reduce the cost of repairs and
engine replacement from ash encounters and reduce the risk of catastrophic loss of aircraft, passengers, and
crew from this hazard.

3. Temperature Forecasts. Cost Savingsto Electric Utilities. GOES advanced imager dataon clouds and
winds and advanced sounder data on humidity profiles are expected to substantially reduce both the
average and variance in error in short-term (3-hour) temperature forecasts. |mproved temperature forecast
accuracy will increase the accuracy of electric utilities’ short-term electricity load forecasts. Improved load
forecasts will enable utilities to reduce their costs by reducing the average amount of generating capacity
they keep in ready reserve (spinning reserve) and the average amount of spot-power purchases they make
in order to meet customer demand.

4. Temperature Forecasts. Benefitsto Agriculture/Orchard Frost Mitigation. Asin Case Study 3,
GOES advanced imager data on clouds and winds and advanced sounder data on humidity profiles are
expected to substantially reduce the amount of error in short-term (3-hour) temperature forecasts. The
increased data density provided by ABI and HES will also improve forecasters' ability to provide forecasts
tailored for particular agricultural districts and areas. |mproved temperature forecasts will improve
orchardists’ decisions about how much to spend on frost mitigation on a given night during sensitive
budding and flowering periods and will decrease the average amount they spend on mitigation activities
over time.

5. Soil Moisture Measurements. Benefitsto Agriculture— Improved Irrigation Efficiency. The GOES-
R sounder will improve the accuracy of evapotranspiration (ET) estimates because of its ability to



discriminate temperature and humidity changes of the lowest layer (boundary layer) of the atmosphere
where plants and soils interact with air masses. In addition, the GOES-R sounder (if it usesthe GIFTS
sampling interval of 4 km) will provide these data with much more spatial detail than the current GOES
sounder. The soil scientists at U. of Wisconsin (Norman and Diak) who are devel oping this technique state
that the GOES-R sounder data will provide the greatest contribution to improving estimates of ET. In
addition, they state that the GOES-R imager thermal channel will provide data on surface temperature
changes (between sun-up and mid-morning) on a substantially finer scale (2 km) than the current GOES
imager (4 km). Thisisafour-fold improvement in spatial data and, when integrated with the GOES-R
sounder data, will provide additional ability to discriminate ET at a scale closer to that of typical irrigated
fields.

6. Hurricane Landfall and Intensity Improvements:. Benefitsto Recreational Boating— Damage
Avoidance. Theincreased spatial resolution and update cycle for GOES-R sea surface measurements will
enable GOES-R to capture sea surface temperature (SST) readings more often, providing the opportunity to
re-initialize the SST data into models more frequently, helping to improve hurricane intensity forecasts.
Rapid scan winds, tested on GOES 10 hel ped to better understand the divergence, or lift, of the storm and
thus the potential for intensification. Rapid scan winds will be the norm on GOES-R. GOES-R
improvements in the frequency and spatial resolution will improve the accuracy and density of wind-speed
measurements (may double the number of wind vectors and double the accuracy of wind-speed estimates).
Improved knowledge of the location of the centers of circulation winds (storms) as well as the speed at
which they aretraveling (steering winds) will provide better information on when and where a particular
storm will make landfall.

7. Temperature Forecasts. Benefitsto Natural Gas— Load Forecasting Efficiency. More rapid updates
of clouds from the GOES-R imager, when assimilated into forecast models, will improve model predictions
about temperature maximums and minimums because clouds moderate temperature peaks and lows. More
detailed data on the lower layer of the atmosphere from the GOES-R sounder, combined with more
frequent updates, and smaller sampling intervals will, when assimilated into forecast models, also improve
the parameterization (input of data on temperature, humidity, winds) of the boundary layer in forecast
models. Inturn, the models should produce more accurate and specific predictions of temperature,
humidity, winds, and precipitation. These potential improvements are based on studies of the contribution
of current GOES data to the forecast accuracy of Etaand RUC2 models (Zapotocny, Benjamin and others).

8. Winter Weather Forecasting: Benefitsto Trucking— Accident Reduction. GOES-R will better
anticipate near-term ice formation conditions: better models of precipitation aswell as more timely and
accurate information on land surface temperature to indicate when the ground temperature is below
freezing. GOES-R will also provide a higher resolution real time fog product that will allow driversto
more efficiently reroute.

It isimportant to note that the case studies devel oped and presented in this paper represent just a sampling of
economic sectors and domains within those sectors from which economic benefits can be realized. Thetotal
potential marginal discounted benefits to the United States from GOES-R have not been estimated in this paper.
However, the total annual marginal benefits from the eight cases discussed in this report show combined annual
marginal economic benefits from ABI and HES are approximately $638 M annually (2002 dollars) and a discounted
(present value) sum-of-direct benefits of approximately $3.1B across a 13-year effective benefit lifecycle. The
Office of Management and Budget (OMB) guidance in circular A -94 states that the criterion to be used to decide if
an investment is economically justified is whether or not the estimated Net Present Value (NPV) is positive (greater
than zero). To appropriately calculate the NPV, the present value of benefits must be reduced by the marginal costs
for ABI and HES (that is, the costs over an above what it would cost to reproduce the current imager and sounder
capability). These costs are currently being cal culated.

It should be noted that these benefits do not include the potential benefits from the consumer value of water, which
isbriefly addressed at the end of this paper and which has been valued [Booth] in the billions of dollars.



Table ES-1. Advanced I mager and Sounder Benefits Analysis Results

Present Value (discounted)
Marginal Annual | Sum of Marginal Benefits $M
Application/Benefit Areas Benefits $M (2002) (2002)*
Commercial Aviation $55 $205
Utilities - Electric Power Fuel Cost Reduction $479 $1,944
Agriculture $40 $695
Orchard Frost Mitigation (in Washington State) $9 $33
Irrigation Efficiency (50 States) $31 $662
Recreational Boating $29 $108
Utilities - Natural Gas $7 $34
Commercial Trucking $28 $104
Total (Direct Benefits) | $638 | $3,090

*Present value estimates are not uniformly larger than marginal annua benefits because some benefit areas incorporat e growth factors or
assumptions about the rate of technology adoption. See Benefit Calculation section for details.

Vi
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Section 1

GOES-R Cost/Benefit Analysis

1.1 Introduction

The National Oceanic and Atmospheric Administration’s (NOAA) National Environmental Satellite, Data,
and Information Service (NESDIS) is devel oping the next -generation Geostationary Operational
Environmental Satellites (GOES)-R, which is expected to provide significant advancesin earth coverage
and weather and environmental information and prediction capabilities. Two of the key instruments within
this GOES suite of sensors are the Advanced Baseline Imager (ABI) and Hyperspectral Environmental
Sounder (HES). To provide afirm foundation for the formulation of instrument development and
procurement budgets, NOAA initiated an analysis of the marginal cost and benefit differences (in economic
terms) between continuation of instruments with similar performance to today’ s imager and sounder and
the planned GOES-R imager and sounder. The benefits from improved data and products will not only be
critical to the economic well being of our users but will further national interests such as homeland security
and national well being. New instruments for the GOES-R series will need to be devel oped because the
imagers and sounders in service from now through 2015 cannot be replicated due to obsolescence of key
components. Off the shelf instruments with similar capabilities could be purchased but this would not
allow usto incorporate any new technologies.

Approximately 20 percent of the United States economy, or two trillion dollars per year [Dutton] isweather
sensitive. Each year, the U.S. suffers billions of dollarsin losses due to lost time, property and crop
damage, and lost lives due to weather and environmental conditions, e.g.

In the commercial aviation community, weather is responsible for approximately two-thirds of air
carrier delays, acost of $4billion annually, $1.7 billion of which isavoidable [National
Aeronautics and Space Administration, http://awin.larc.nasa.gov].

In 1997, the Red River Floods caused more than $400 million in losses when the Red River rose
several feet above projected levels[Disaster Information Task Force].

In 2000, $9 hillion in crop damage was incurred due to weather (e.g., floods, convective weather,
winter storms, drought, and fire weather) [National Weather Service].

However, some proportion of these losses are avoidable with improved environmental information, and
some proportion of the improved environmental information is attributable to enhanced satellite technology
and performance. Improvementsin satellite performance that, for example, (1) result in the ability to
better predict with increased lead time and accuracy, the location of severe weather manifestation;

(2) provide increased temperature accuracy; (3) and offer improved monitoring of volcanic ash, can result
in substantial economic benefitsto avariety of public sectors. These economic benefits result from the
ability of the data users to improve their operational decision-making. For example, airlines will make
safer and more efficient routing decisions; the agricultural sector can make crop selection decisions and
realize irrigation efficiencies; and, the utilities industries can improve the accuracy of their energy load
forecasting decisions.

This paper will present the methodology used to establish the linkage from satellite performance
improvements to product improvements to user operational decision making that resultsin economic
benefitsto each industry discussed. It will also present the results of eight case studies that represent a
diversity of economic sectorsin this country, including, agriculture, aviation, electric power and natural
gas, recreational boating and trucking. Economic benefits are presented in annual savings ($2002) and
discounted present value (representing the discounted benefits over the life of the program).






Section 2
Background

2.1 Environmental Monitoring and the Role of GOES

A number of different sensor systems are deployed by NOAA to measure and monitor specific weather
phenomena such as severe storms, winds, and temperature. [National Weather Service, Operations of the
National Weather Service] These sensors measure different physical phenomenasuch asvisiblelight,
infrared radiation (IR), reflected microwaves, in-situ temperature, humidity, and pressure; and have
differing measurement precision, range, resolution, and timeliness. Asaresult, these sensors compliment
and supplement one another to measure weather and environmental phenomena. The focus of thisanalysis
ison the GOES satellite system. The GOESisan integral part of the global observing system and offers
high temporal and spatial measurements. NOAA'sweather satellites are an essential part of the overall
NOAA system of weather sensors. The integration of data from multiple systems produces the depth and
breadth of data needed for forecasting and environmental monitoring.

Operating the country’ s system of environmental weather satellitesis one of the major responsibilities of
NESDIS. NESDIS operates the satellites and manages the processing and distribution of the millions of
bits of data and images these satellites produce daily. The primary internal customer isNOAA’s National
Weather Service (NWS), which uses satellite data to create short-range warnings, “nowcasts’ and forecasts
for the public, television, radio, and weather advisory services. Satellite information is also shared with
various Federal agencies, such as the Departments of Agriculture, Interior, Defense, and Transportation,;
with other countries throughout the western hemisphere and other countries world-wide such as Japan,
India, and Russia, and members of the European Space Agency (ESA) and the United Kingdom
Meteorological Office; and with the private sector.

GOES satellites provide the kind of continuous monitoring necessary for intensive dataanalysis. They
circle the Earth in a geosynchronous orbit, which means they orbit the equatorial plane of the Earth at a
speed matching the Earth’ srotation. Thisallowsthem to remain continuously over one position above the
surface. The geosynchronous planeis about 35,800 km (22,300 miles) above the Earth, high enoughto
allow the satellites afull -disc view of the Earth. GOES satellites provide a variety of information across
many application areas. One key areais severe weather. Because the satellites stay above afixed spot on
the surface, they provide a constant vantage point to watch for atmospheric “triggers’ for severe weather
conditions such as tornadoes, flash floods, hail storms, and hurricanes. When these conditions develop, the
GOES satellites are able to monitor storm development and track their movements. Figure 1
[NOAA/NESDIS, NOAA Satellite Products and Services—Office of Satellite Data Processing and
Distribution, Global Coverage by GOESand Other Geostationary Environmental Satellites as of March
2000] illustrates the areas over which GOES provides coverage.



Figure 1. Global Operational Geostationary Satellite Coverage



Section 3

M ethodology

3.1 Benefits Analysis Overview

In FY 02, astudy wasinitiated to estimate the marginal benefits obtained by using the planned GOES-R
imager and sounder as the primary GOES-R weather sensors in place of technological equivalentsto the
current GOES imager and sounder. The overall study objective was to estimate the marginal cost benefit
obtained by using the ABI and HES as the primary GOES weather sensorsin place of equivalentsto the
current GOES imager and sounder and compare these benefits to the marginal costs of developing and
pricing ABS and HES. These benefits are net of the marginal costs of developing and acquiring the
GOES-R imager and sounder. The marginal benefits are based on case studies that estimate economic
changes (primarily cost reduction) due to the changes in the performance of the GOES-R imager and
sounder. These benefits are those expected to be achieved over and above current or future benefits from
the current imager and sounder or future instruments with the same performance as the current instruments.
The case study results are based on interviews with internal NOAA engineering staff, scientists, and
product managers; public meetings and discussions with external constituents who use the data provided by
these instruments, as well as published economic data pertaining to decisions based on this weather data.

In general, changesin products using GOES-R imager and/or sounder data over current sensor data can be
attributed to: (1) more fregquent refresh rates; (2) finer horizontal resolution; and, (3) finer spectral
resolution. More frequent updates provide valuable information on phenomenathat change quickly, such
asthunderstorm formation. Faster coverage rate also allows more regionsto be scanned. Finer horizontal
resolution allows for observation of phenomena of a smaller scale (usually of afew kilometers or less) with
more accuracy. Finer spectral resolution allows sdentists to observe phenomena that might not have been
observable before (for example, super cooled water in clouds, or temperature inversions).

3.2 Benefit Analysis Constraints and Assumptions

Below are assumptions and constraints under which this CBA was devel oped.

1. Required infrastructure to maximize use of, and therefore benefits of, more and improved data
from the ABI/HES will be in place in the 2012 time frame.

2. Benefitsare presented in 2002 year dollars.
3. Thetime frame under which the analysisis considered is 2012 to 2027 (15-year lifecycle).

4. Therewill bealag timefor model revision and testing to take advantage of and have more
confidence in the better data. (If the ABI and HES follow the same course as when the current
imager and sounder first were launched, then some products, for example, the higher resolution
imagery, will be ready for use much sooner than the more quantitative products, for example
derived from the sounder.) Time will be needed after launch, checkout, and calibration before
better economic decisions are likely to commence based on ABI and HES data. Thereisalimit to
how much can be done to modify forecast models and products prior to launch in anticipation of
ABI and HES data. Time is needed to complete these modifications, and to test, validate, and
verify improvementsin forecasts and other products using actual ABI and HES data. 1t will also
take time to educate users and constituents as to the improvements. Finally, it will take time for
users to gain confidence inthe real-world accuracy and applicability of the improvements before
they will be willing to make potentially costly economic decisions based on these product
improvements. These processes can proceed in parallel to some extent, and some benefits could
start earlier and some later. Asaresult, benefits are assumed to begin mid-2015.



5. Theexpert judgement of NOAA system engineers, scientists, and product managers provided the
information on sensor performance changes and product improvement. The information on
avoided costs and benefits was obtained from constituents and published literature.

6. Published economic data (e.g., cost of acreage) used in the benefits analysis were not
independently validated. It was assumed these costs were reasonable for their intended purposes
and use in the CBA.

7. Other sensor systems may change over the course of the time frame of thisanalysis. However,
their contributionsto the overall benefits to theindustriesin this CBA have not been assessed.

3.3 Benefits Analysis M ethodology

Aggregate benefits from use and application of weather information are well documented and significant in
economic value. Figure 2 illustrates the overarching steps for the benefits analysis that are needed to
identify marginal operational benefits resulting from and traceable to advanced GOES Sensor technol ogies.
The four steps are discussed in more detail following Figure 2. This figure summarizes the primary
objective of each phase. It isimportant to point out that these phases were not always accomplished in
serial. Infact, during several of the discussions with NOAA scientists (Steps 1 and 2), for example,
information on constituent operations (Step 3) were often discussed together with discussions on product
improvements.

Step 1 Step 2 Step 3
Sensors Products Constituents
- I dentify specific I dentify key beneficiaries of
Ipcé'e?;%anoe/ products (new/existing GOESdats (critical
capability products, for ecasts) product/constituent
differences changed by sensor combinations)
between current performance differences
?nqggé,ogogz?m der Quantify product differences g;gglﬁ)?]nge\fggg'it# S?:jer
. o to assess, asaccur ately as
Identify preliminary possible, how GOES data
candidate constituentsusing contributes (either cost
products savings, cost avoidance or
cost opportunities)
Identify relevant Assessthe changein
constituent cost of those  thecost of these
BSte%f4t operations/events operations with data Data Sources: | nterviews wit
ENEIITS | \wherecurrent GOESis  from ABI and/or HES NOAA scientists, constituents and
significant existing literature

Figure 2. Stepsof the Benefits Analysis Process

Step 1: Determine the marginal improvement in the sensors. There are technological differences between
current technology GOES sensors and advanced technologies. These differences result inpotential
differencesin lifecycle costs and benefits to the end user community.

Thetechnical differences between imagers and sounders are described in terms of specification
characteristics, such as, spatial coverage, resolution, more frequent updates, and number of channels.
These differences arise from new and improved technological advances. These performance and capability
assessments are based on technical analyses, primarily from the Cooperative Institute for Meteorol ogical



Satellite Studies (CIM SS). The details for the comparison between the ITT imager and ABI and the ITT
sounder and ABS appear in Section 4.1.

Step 2: Determine the marginal changesin the quality of products. The differencesin the sensor
characteristics identified in Step 1 result in improvementsin the quality of products [see Table 3] derived
from the GOES Sensors. Several meetings with NOAA scientists [Appendix A] were conducted to assess
the magnitude of these improvements and discuss the scientific basis for these assessments.

During discussions with NOAA scientists, applications of the products were often discussed in addition to
the product improvements. NOAA scientists translated differencesin sensor capabilitiesinto differencesin
products derived from GOES data. New products were also discussed. The changesin products are
identified in Table 3. End-user applications of satellite products are very much integrated into the product
development process within NOAA. This provided NOAA with the context of constituent operations and
valuable insight into potential constituent groups, thereby focusing investigations into potential benefit

areas.

Step 3: Determine the relevant application areas, constituents, and conduct interviews. The challenge of
this phase was to “match up” those products where improvements could be explicitly stated and quantified
with constituents who have intimate knowledge of how the product supports their operations and/or
industries where cost data of their operations could be obtained publicly.

In discussions with NOAA scientists on product improvements with ABI and HES, some application areas
where GOES contributes significantly surfaced regularly. These application areas included aviation
weather (including impacts of phenomena such as fog, icing, and volcanic ash), agricultural weather, and
severe weather. Ideally, the CBA should consider total expected benefits across all industries and
applications. To put a perspective on the magnitude of the number of beneficiaries, consider the taxonomy
in Figure 3 [NPOESS Cost, Operational Benefit, and Requirements Analysis (COBRA)]. Notice that this
taxonomy captures beneficiaries ranging from preventable loss of life and property resulting from
infrequent but catastrophic events to the general public benefiting in everyday decisions related to weather.
Thislisting also provides examples of industry-specific decisions (in this case, for aviation), illustrating
again the enormity of the problem if one were to enumerate all decisions and potential costsinvolved for
each application area.
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Figure 3. Taxonomy of Potential Beneficiaries of Weather Information



Estimating total benefits on this scale requires a macro-economic model that has not been developed. An
aternative solution to estimating total benefits would be to enumerate all case studies which, as seen in the
breadth of application areas listed in Figure 3, would involve considerable research and analysis.

Since estimating total benefits remains well outside the scope of this study, estimating partial benefits
in select application areas was conducted to meet the needs of this Cost Benefit Analysis (CBA).
Therefore, the next step was to identify application areas that would be the focus of this benefits analysis.

The application areas listed under “Loss of life, injury, and property damage” are familiar, and the loss of
life and dollar value of damages due to weather iswell documented. However, it is difficult to extract
preventable loss of life and/or damages. Furthermore, it is even more difficult to determine the fraction of
these damages that are preventable with improved information from GOES. Despite these constraints, there
is compelling scientific evidence that GOES is currently used in many of the forecasts for these events, that
there is significant room for improvement in these products, and that the ABI and/or HES are likely to
provide measurable improvements. For these reasons, benefitsin this category are not included but may be
investigated in the future.

Other areas of well-documented economic impacts of weather [Societal Aspects of Weather] are major
industries, such as, general transportation (mostly aviation), agriculture, and utilities. Motivated by safety,
customer satisfaction, and profit, these industries have the tools and expertise in place to use weather
information in their monthly, daily, hourly, and in some cases, minute-by-minute decision making. Asa
result, data on the economic value placed on weather information are more likely to exist for these
industries. Consequently, itismore likely that costs can be estimated for benefits from improved weather
data. This CBA considersbenefitsfor only thoseindustries, applications, and decisions whereit can
be shown that GOES data contribute to operational decisions.

In summary, based on interviews with NOAA personnel (matching products with constituents) and the
feasibility of getting cost data on benefits from other industries, the following benefit areas were
investigated:

Agriculture (Frost Freeze Mitigation and Irrigation Efficiency)
Aviation (Convective Weather and Vol canic Ash Avoidance)
Recreational Boating (Hurricane Damage Reduction)
Trucking (Accident Damage Reduction)

Utilities (Electric Power and Natural Gas Load Forecasting)

Step 4: ABI/HES benefits calculation. Once product improvements have been quantified and constituents,
potentially benefiting from these improvements, were identified, the final step was to calculate the dollar
value of the benefit.

Asstated previously, whereas the economic impact of weather in this country is significant and well
documented, attributing economic benefits (either in the form of cost savings, cost avoidance, or cost-
making opportunities) to one contributor in the information stream used by decision makers, can be
difficult. Inall case studiesin this report, weather-dependent industry operations costs have been obtained
from existing sources, but the estimates of the portion of benefits attributed to improved knowledge from
ABI and/or HES were obtained through interviews with NOAA scientists or estimated using engineering
judgement. Thejustification for these assumptionsis discussed in the case studies sections.

There are two sources of constituent operations costs. They are obtained either directly from constituents
or they were taken from existing data sources (such as, related web sites, reports, and statistical databases).
Cost data used in this analysis were not independently validated. Rather, it was assumed that these costs
were reasonable for their intended purposes.



Annual Benefits Estimation M ethod

The process for estimating the discounted benefits of an advanced instrument relative to a current
instrument is asfollows:

Calculate the annual economic benefit due to better data, information, or products from the
advanced instrument. This computation isamarginal or differential calculation since the benefits
from advanced instruments are those expected to be achieved in addition to current or future
benefits from the current imager and sounder or afuture instrument with the same performance as
the current imager or sounder. For each case study, annual marginal benefits are computed, in
general, asfollows:

ACTav = Annual avoidable activity with better environmental information
(e.g., # of delays, # of hours)

NPr = Net proportion of time-related costs avoided due to ABI or HES

NPy = Net proportion of material costs avoided dueto ABI or HES

Co = Cost of operational activity (e.g., $/delay, $/hr)

Cwu = Cost of materials (e.g., $/entity)

Annual Benefits ($) = ACT av*NPr* Co + ACT av*NPy* Cy

Increase the value of benefits annually over the effective lifetime of the advanced instrument used
in this study if the economic activity underlying the benefits is expected to continue to grow
during the ABI lifecycle (per OMB Circular A-94).

Discount each year’ s benefits to a 2002 present val ue using the OM B-mandated discount rate (per
OMB Circular A-94).

Each case study in thisreport is different because of differences in the specific activities or resources
analyzed. Asaresult, the detailed computation of the elementsin each case study is different. However,
the end result, being stated in terms of dollars per year, can be summed together to yield atotal net present
value for each instrument and alternative analyzed.

For many operations where weather plays a significant role, benefits are typically realized in terms of
savings of time and savings in material expenditures. In some cases, savings of time or material might be
zero. Timeismoney, so time saved istypically translated into cost of operations per unit time (for
example, per hour, per day, or per month). These cost savingsin turn have the potential to increase
profitability for the economic entity in question, or, given competition, result in reduced prices of goods
and services to consumers, or some combination of these two benefits. However, knowing that the cost of
operations is dependent upon some weather event is not sufficient. What must be shown isthat better
information, in the form of improved accuracy or timeliness, would facilitate actions to improve efficiency
of operations. The actions might not have been taken with information of lesser quality.

Once the operational case can be made that actions could be taken to save money (or avoid costs), provided
that the decision maker has better information from GOES, the number of occurrences of such cost saving
(or cost-avoiding) actions must be estima